INTRODUCTION TO INFRARED SPECTROSCOPY
Spectroscopy is the study of the interaction of electromagnetic radiation with a chemical substance. The nature of the interaction depends upon the properties of the substance. When radiation passes through a sample (solid, liquid or glass), certain frequencies are absorbed which are unique for each molecule and is the characteristic of a substance.
Infrared spectroscopy (IR) is one of the most useful techniques available for structural studies of glasses. For the particular case of glasses modified by metal oxides, IR is a powerful tool because it leads to structural aspects related to both the local units constituting the glass network and the anionic sites hosting the modifying metal cations. Borate glasses provide an ideal case in comparison to other glass forming systems, to demonstrate the effectiveness of infrared spectroscopy in glass science.
Infrared reflectance and transmission measurements are the most suitable techniques for glass studies among the various sampling techniques employed in infrared measurements. A key advantage of reflectance spectroscopy is the use of the same sample for data acquisition over a broad and continuous frequency covering both mid and far infrared region, without the need of changing sample form or its thickness, a problem usually encountered in transmission measurements. The spectral profiles obtained from reflectance studies are free of band shape distortions, which are present in transmission spectra. IR method utilizes the optical excitation of the localized vibrational modes of atoms, whose excitation energy is in the infrared where q stands for the normal coordinate describing the motion of the atoms during a normal vibration. If this condition is fulfilled, then the vibrations are said to be allowed or active in the infrared spectrum, otherwise they are said to be forbidden or inactive. The frequencies of the absorption bands are proportional to the energy difference between the vibrational ground and excited states.
FUNDAMENTAL VIBRATIONS OF MOLECULES
Each molecule has certain natural vibrational frequencies. When light is incident on the molecule, the frequency which matches the natural vibrational frequency is absorbed by the molecule resulting in molecular vibrations.
Modes of vibrations

Stretching: Distance between two atoms increases or decreases
Bending: Position of the atom changes relative to the original bond axis
To interpret the IR spectra an understanding of the energy levels in the molecule is required. The vibrational and rotational motions are quantized in a molecule between the atoms. By the absorption of suitable energy, the molecule undergoes transition to higher quantized energy levels which causes an absorption in the spectrum. IR spectroscopy is the most suitable technique for glass studies. For a particular case of glasses modified by metal oxides, infrared technique is a powerful tool because it gives information about structural aspects related to both the local units constituting the glass network and the anionic sited hosting the modifying metal cations.
For a molecule to absorb IR radiation, it has to fulfill certain requirements which are as follows:
a) Correct Wavelength of Radiation
Molecule absorbs radiation only when the natural frequency of vibration of some part of a molecule (i.e., atoms or group of atoms comprising it) is same as the frequency of radiation. After absorbing correct wavelength of radiation, the molecule vibrates at increased amplitude. This occurs at the expense of the energy of IR radiation that has been absorbed.
b) Electric dipole
This is another condition for a molecule to absorb IR radiation. A molecule can only absorb IR radiation when its absorption causes a change in its electric dipole moment (μ). A molecule is said to be electric dipole when there is a slight positive and a slight negative electric charge on its component atoms.
When a molecule having electric dipole is kept in the electric filed (as in the case when the molecule is kept in a beam of IR radiation), the field will exert forces on the electric charges in the molecule. Opposite charges will experience force in opposite directions. This tends to decrease separation. As the electric field of the IR radiation is changing its polarity periodically, it means that the spacing between the charged atoms (electric dipoles) of molecule also changes periodically. When the vibration in the charged atoms is fast, the absorption of radiation is intense and thus, the IR spectrum will have intense absorption bands. On the other hand, when the rate of vibration of charged atoms in atoms in a molecule is slow, there will be weak bands in the IR spectrum.
INTRODUCTION TO RAMAN SPECTROSCOPY
Raman spectroscopy has been successfully used for the structure determination in crystalline materials. Due to the absence of symmetry in glasses, the vibration analysis in these materials is not straightforward. In fact, no agreed theory of 129 vibration exists to explain all the aspects of vibrations in disordered materials even though several steps in that direction do exist [1, 2] . The method due to Brawer [3] considers disorder to be a perturbation on the vibration of a structural group and hence considers the width of the Raman peak as a measure of the disorder. The intensity of Raman lines is a useful parameter since it is proportional to the number of scattering centers and their scattering efficiency.
Raman spectroscopy is a measurement of the wavelength and intensity of in When a molecule is exposed to an electric field, electrons and nuclei are forced to move in opposite directions. Thus, a dipole moment, which is proportional to the electric field strength and to the molecular polarizability α, is induced. A molecular vibration can be observed in the Raman spectrum only if there is a modulation of the molecular polarizability by the vibration,
If this condition is fulfilled, then the vibrations are said to be allowed or active in the Raman spectrum, otherwise they are said to be forbidden or inactive.
REVIEW OF EARLIER WORK
A brief review of the earlier work carried out on IR and Raman studies of glasses is presented.
Kamitsos et al [4, 5] Racah parameters are evaluated from optical absorption spectra. The optical band gap and Urbach energies are determined the mixed alkali effect.
Risen et al [38, 39] reported far infrared and Raman spectra of several series of single, mixed alkali meta phosphate and mixed penta silicate glasses in both the annealed and annealed forms. The frequencies of the cation-motion bands in the far infrared and Raman spectra, which correspond to cation site vibrations, do not shift with alkali content, including that the vibrationally significant local geometry and forces associated with a particular cation are unaffected by the introduction of the second cation into the glass structure or by annealing. A simple vibrational model is presented which shows that the cation-dependent shifts are due to small changes in the network bond angles and variation of the cation site forces.
Ahamed et al [40, 41] 
AIM AND SCOPE OF PRESENT WORK
The aim of the present study is to obtain specific data regarding the local structure of xLi 2 O-(30-x)Na 2 O-10WO 3 -60B 2 O 3 (0 ≤ x ≤ 30) quaternary glass system by means of Raman and infrared spectroscopy. The correlation between spectral assignment and the physical properties of the glasses will be discussed. The presence of mixed alkali oxides in the glass system increases the mixed alkali effect in the present study.
RESULTS AND DISCUSSION
IR spectra
The IR absorption spectra of the present glasses were recorded in the range 300-2000 cm -1 . Figure 5 .1 shows the normalized FTIR absorption spectra of xLi 2 O-(30-x)Na 2 O-10WO 3 -60B 2 O 3 glasses. The observed infrared spectra of these glasses arise largely from the modified borate networks and are mainly active in the spectral range 400-1600 cm -1 ; therefore the spectra are shown in 350-1800 cm -1 range for better clarity.
Each spectrum was deconvelated by using 12 Gaussian functions considering peak assignment as reported earlier [69] [70] [71] . An example of the fitting for 5Li 2 Table 5 .1.
According to the Krogh Moe's the structure of the boron oxide glass consists of a random network of planer BO 3 triangles with a certain fraction of six membered (boroxol) rings [7] . X-ray and neutron diffraction data suggests that glass structure consists of a random network of BO 3 triangles without boroxol rings. The vibrational modes of the borate network are active mainly in three regions: the first region lies between 600 and 800 cm -1 and is due to bending vibration units co-exist in these glasses, which is evident from The present IR spectra showed non-existence of band at 806 cm -1 , which reveals the absence of boroxol rings in glasses and hence it consists of only BO 3 and BO 4 groups [77, 78] . In Li 2 O-B 2 O 3 -Bi 2 O 3 glasses the peak at around 700 cm -1 is assigned to pentaborate units [79] . In alkali boro-tungstate glasses, the IR band around 700 cm -1 stands for B-O-B bond bending vibrations of bridging oxygen atoms [80, 81] . In the present study, the IR peak around 697 cm -1 is assigned to bending vibrations of pentaborate groups, which are composed of BO 4 and BO 3 units in the ratio 1:4. The intensity of this band increases and then decreases with Li 2 O content.
Since WO 3 is a conditional glass former, with the substitution of WO 3 with alkali oxides in borate glass network the intensity of vibrational band due to the BO 3 groups is observed to increase at the expense of BO 4 structural units [82] . From XANES and FTIR studies in TeO 2 -WO 3 glasses it was observed that W 6+ prefers sixcoordination and exhibits an absorption band at 930 cm -1 [83] . In the present IR spectra the peak at around 940 cm -1 is assigned to the stretching vibrations of B-O linkages in BO 4 tetrahedra overlapping with the stretching vibrations of WO 6 units. [85, 86] . This indicates that tungsten enter the glass structure. The IR band around 1080 cm -1 is assigned to penta borate groups [87] . The peak lying in 1346-1380 cm -1 is attributed to asymmetric stretching vibrations of the B-O of trigonal (BO 3 ) 3-units in meta-, pyro-and ortho-borate units [85] . The band around 1438 cm -1 is assigned to antisymmetrical stretching vibrations with three non-bridging oxygens of B-O-B linkages [88] [89] [90] [91] [92] . The weak band observed around 1637 cm -1 indicates a change from BO 3 triangles to BO 4 tetrahedra, and this peak may also be assigned to OH bending mode of vibrations [93, 94] . The IR band in the range 1228-1266 cm -1 is assigned to B-O stretching vibrations of (BO 3 ) 3-unit in metaborate chains and orthoborates and these groups contain large number of non-bridging oxygens (NBO's) [84] . This suggests the conversation of the BO 4 tetrahydral to the non-bridging oxygen containing BO 3 trangles. The peak at around 540 cm -1 can be attributed to the borate deformation modes such as the in-plane bending of boronoxygen triangles [95] . varies non linearly. There is some sort of ordering that occurs which leads to a lessening of NBOs at R Li =0.5.
Raman spectra
Raman spectroscopy is one of the techniques used to investigate the structure of a glass. The room temperature Raman spectra of the present glass system is shown in figure 5 . In all the glasses studied the total alkali content is of 30 mol%. At this concentration of alkali content in borate glasses, the boroxol rings get converted mostly into pentaborate groups. This is observed clearly by the strong presence of a weak peak ~ 650 cm -1 resembling the localized breathing motions of oxygen atoms in the boroxol ring [75] . The Raman band around 825 cm -1 is assigned to W-O single bond stretching vibrations within W-O-W bonded units [102] . The assignments of Raman bands are given in Table 5 
